Introduction {#sec1}
============

The period from 3 to 6 years of age is especially critical for children\'s growth and development. The development of young children\'s physical fitness not only promotes their participation in outdoor activities, but also has great significance for the development of adult sports habits and health.[@bib1]

Since 2000, China has regularly monitored the physical fitness of children aged between 3 and 6 years, including strength, running speed, balance, flexibility and coordination ability. Monitoring data over the past decades show that among Chinese children, some of these physical fitness indicators, the strength of lower and running speed, have improved, while balance and flexibility have worsened.[@bib2], [@bib3], [@bib4] Factors influencing children\'s physical fitness include innate physique and learned behavior. Much research has demonstrated that the effects of height and weight on children\'s physical fitness differ.[@bib5]^,^[@bib6] In recent years, with great improvement in nutritional conditions, the height and weight of Chinese children have increased rapidly.[@bib4] The relationship between changes in body growth and physical fitness thus warrants further study.

The decline in physical activity (PA) is an important behavioral factor influencing children\'s physical fitness (PF). Compared with adults, the relationship between PA and PF is more complex in children, and especially in very young children.[@bib7]^,^[@bib8] In addition, studies have shown that early skill acquisition also has a positive effect on PF.[@bib9]^,^[@bib10] A four-year follow-up study showed that children who regularly participate in sports clubs have high levels of physical fitness.[@bib11] In China, parents attach great importance to their children\'s early education, and enroll them in interest classes to learn various skills from an early age. In the past 10 years, the percentage of children attending interest classes in Macao has increased from 40% to 70%, and the percentage attending sport clubs has doubled.[@bib12] Nowadays, children play outside less frequently and for a shorter time than their parents, and their patterns of activity are also changing. Research has shown that children\'s physical activity has shifted from unstructured, non-directive outdoor activities toward structured, directed indoor activities.[@bib7] However, it is unclear how these changes affect children\'s physical fitness, and reports on effects in the early stages of childhood are particularly sparse.

During the past 10 years, children\'s physique and physical activity patterns have undergone significant changes in Macao China. The purpose of this study was to examine the trends and factors influencing children\'s physical fitness and to provide a valuable reference for promoting the physical fitness and health of preschool children.

Methods {#sec2}
=======

Participants {#sec2.1}
------------

We recruited children aged 3--6 years from six kindergartens in North, South and Central Districts in Macao in 2005, and cluster sampling was used to select each kindergarten.[@bib4] Two kindergartens were randomly selected from each district. The same kindergartens were selected in 2015. All children in six kindergartens took part in the test after eliminating motor and intellectual disorders. In total, 1050 and 1068 children were included in our study in 2005 and 2015. This study was approved by the Ethics Committee of China Institute of Sport Science. Written informed consent was provided by children\'s parents.

Measures {#sec2.2}
--------

Height, weight, physical fitness testing and a survey on behavior and household background were conducted for all children. Physical fitness indicators were the standing long jump, overhand throw, 2 × 10 m shuttle run, sit and reach, balance beam walk and two-legged continuous jump.[@bib4] The items on the questionnaire included childbirth conditions, children\'s physical activity, parents\' educational level and exercise behaviors, etc.[@bib12]

Questionnaire {#sec2.3}
-------------

To carry out physical fitness monitoring in 2005, the Macao Sports Bureau had developed a questionnaire on children\'s physical fitness according to the local children\'s social conditions and activity characteristics. The main indicators of the questionnaire included children\'s birth conditions, illness, outdoor activities, interest classes, time spent watching TV, sleep, breakfast habits, parents\' educational background, occupation. There were 19 questions in total. The answer forms were single-choice and multiple-choice. The development process of the questionnaire could be found in "Macao citizens\' physical fitness monitoring report 2015".[@bib12] The questionnaires were filled out by parents of young children. The valid number of questionnaires collected in 2005 and 2015 was 1006 and 998. The data of the questionnaires were entered by double entry method.

Data analyses {#sec2.4}
-------------

A general analysis of children\'s physical fitness indicators was conducted. The difference between test years was analyzed using the independent sample T test, and the factors influencing physical fitness were analyzed using the generalized linear model (GLM). In analyzing the effects of body shape and year on physical fitness, the physical fitness indicators were considered as dependent factors with test year, height and weight as independent factors, and age and gender as covariates. We analyzed the effects of learned behaviors on children\'s physical fitness, using children\'s early feeding practices, incidents of illness, time spent on outdoor activity, time spent watching TV or playing on the computer, participation in physical education clubs (PE), and test year as independent variables, while considering gender, age, height and weight as covariates. Independent variables with p-values ≦ 0.05 were included in the final model (see [Table 1](#tbl1){ref-type="table"}).Table 1Sample size in each year.Table 1Year3∼4∼5∼6∼BoysGirlsBoysGirlsBoysGirlsBoysGirls2005159116140132180133999120152051271801312211404123

Results {#sec3}
=======

[Table 2](#tbl2){ref-type="table"}, [Table 3](#tbl3){ref-type="table"} shows the change of height and weight and fitness of children from 2005 to 2015. The height and weight significantly improved from 2005 to 2015 in some age groups (P \< 0.05).Standing long jump significantly improved at 4 years old in boys and girls. Sit and reach significantly improved at 3 and 6 years old in boys. 2 × 10 m shuttle run and continuous jump significantly improved at 4 and 5 years old in boys and girls(P \< 0.05).Table 2Height and weight of children aged 3--6 years old, in 2005 and 2015.Table 2HeightWeight2005201520052015boys3∼99.3 ± 3.999.4 ± 4.015.1 ± 1.815.3 ± 1.94∼105.5 ± 4.4106.4 ± 4.6[a](#tbl2fna){ref-type="table-fn"}17.1 ± 2.417.4 ± 2.55∼112.0 ± 4.9112.3 ± 4.719.5 ± 3.219.8 ± 3.26 year117.6 ± 5.3117.8 ± 5.121.4 ± 4.022.5 ± 3.5[a](#tbl2fna){ref-type="table-fn"}girls3∼97.1 ± 3.998.8 ± 4.5[a](#tbl2fna){ref-type="table-fn"}14.7 ± 1.914.9 ± 1.94∼104.6 ± 4.6105.0 ± 4.717.0 ± 2.517.6 ± 2.4[a](#tbl2fna){ref-type="table-fn"}5∼111.7 ± 4.7111.9 ± 4.519.0 ± 2.719.2 ± 2.56 year116.8 ± 4.3116.9 ± 3.920.5 ± 4.021.6 ± 2.8[a](#tbl2fna){ref-type="table-fn"}[^1]Table 3Changes in physical fitness of children aged 3--6 years in Macao between 2005 and 2015.Table 3IndicatorsYear3∼4∼5∼6∼BoysGirlsBoysGirlsBoysGirlsBoysGirlsstanding long jump (cm)200555.6 ± 10.251.3 ± 11.369.0 ± 11.864.8 ± 11.192.6 ± 19.786.0 ± 15.299.7 ± 18.592.4 ± 17.4201554.3 ± 10.049.9 ± 12.277.6 ± 11.975.4 ± 12.694.1 ± 20.287.6 ± 17.8104.3 ± 20.295.0 ± 17.2P.397.493.000.000.368.346.136.484overhand throw (m)20052.9 ± 0.92.4 ± 0.84.0 ± 1.53.4 ± 1.25.7 ± 1.84.4 ± 1.36.0 ± 2.15.3 ± 1.720152.7 ± 0.82.2 ± 0.74.0 ± 1.63.3 ± 1.15.4 ± 1.44.2 ± 1.15.8 ± 2.05.1 ± 1.6P.091.172.936.589.064.246.455.641sit and reach (cm)20058.0 ± 3.19.4 ± 4.17.5 ± 2.98.5 ± 3.67.1 ± 2.79.5 ± 4.24.5 ± 2.86.4 ± 2.6201510.2 ± 4.010.4 ± 3.97.8 ± 2.58.9 ± 3.77.6 ± 2.110.0 ± 4.17.5 ± 2.29.0 ± 4.3P.000.026.490.558.240.385.001.0312 × 10 m shuttle run (s)20059.9 ± 1.710.1 ± 1.88.3 ± 1.38.6 ± 1.57.3 ± 1.07.7 ± 1.26.6 ± 0.96.9 ± 1.020159.8 ± 1.79.9 ± 1.87.8 ± 1.38.2 ± 1.26.9 ± 1.17.1 ± 1.06.5 ± 0.86.9 ± 0.8P.356.317.000.001.000.000.348.791walking balanced beam (s)200518.9 ± 10.217.9 ± 11.311.2 ± 7.812.2 ± 8.26.8 ± 3.19.4 ± 5.55.7 ± 3.15.9 ± 3.0201522.1 ± 12.222.5 ± 12.912.6 ± 8.112.8 ± 7.97.6 ± 4.96.4 ± 3.86.4 ± 3.97.4 ± 5.1P.020.016.100.613.175.000.211.053two-leg continuous jump (s)200513.4 ± 4.912.8 ± 3.810.0 ± 3.910.4 ± 3.27.6 ± 2.87.9 ± 2.66.7 ± 1.86.8 ± 1.7201513.7 ± 5.113.2 ± 5.99.1 ± 3.79.1 ± 3.66.9 ± 1.76.7 ± 1.16.0 ± 1.36.3 ± 1.7P.568.528.020.005.002.000.031.216

[Table 4](#tbl4){ref-type="table"} showed that children\'s height was significantly associated with physical fitness, weight was significantly associated with overhand throw and two-legged continuous jump. According to the GLM results ([Table 5](#tbl5){ref-type="table"}), for children of the same gender and age, height was a positive factor improving standing long jump, Overhand throw, run and continuous jump, with partial η[@bib2] increasing from 1.9% to 4.5%; on the other hand, height was a negative factor hindering the performance of sit and reach. Weight was a positive factor for upper body strength (overhand throw: η[@bib2] = 9.8%), while it was a negative factor for performance on the two-legged continuous jump (η[@bib2] = 1.5%). The effect of test year on standing long jump, sit and reach, run and balance walk was greater than that of physique based on partial η.[@bib2] For standing long jump, we have partial η[@bib2] of test year = 8.5% while partial η[@bib2] of height = 4.5% and partial η[@bib2] of weight = 1.5%.Table 4Correlation of physical fitness with height, weight, and BMI.Table 4Standing long jumpOverhand throwSit and reachShuttle runWalking balance beamTwo-legged continuous jumpHeightcorrelation.220.120-.082-.196-.107-.123*P* (two-side)\<0.01\<0.01\<0.01\<0.01\<0.01\<0.01Weightcorrelation-.044**.093**.039.030.044**.058***P* (two-side).056\<0.01.086.198.056.011BMIcorrelation−0.182−0.234−0.0020.2030.0750.081*P* (two-side)\<0.01\<0.01**.945**\<0.01**.001**\<0.01Table 5Effects of physique and test year on physical fitness.Table 5[Standing long jumpOverhand throwSit and reachShuttle runBalance beam walkContinuous jump]{.ul}βSig.η^2^βSig.η^2^βSig.η^2^βSig.η^2^βSig.η^2^βSig.η^2^Height0.950\<0.010.0450.0500.010.019−0.1860.030.019−0.057\<0.010.029−0.0210.6800.001−0.154\<0.010.021Weight−0.2440.4680.0150.0660.0150.0980.0430.6830.0010.0010.960.0010.0460.4750.0010.1790.030.015Test year[a](#tbl5fna){ref-type="table-fn"}−8.683\<0.010.0850.1060.2530.002−2.56\<0.010.0490.431\<0.010.038−0.9440.0340.0180.9400.010.019[^2]

From [Table 6](#tbl6){ref-type="table"}, the time of outdoor play and watching TV decreased and the proportion of participating the PE club increased from 2005 to 2015. We used the GLM model analyze the children\'s behaviors and parental condition on the children\'s physical fitness. The test result of between-group effect showed that children\'s early feeding practices, incidents of illness, time spent on outdoor activity had no effect on children\'s fitness. From [Table 7](#tbl7){ref-type="table"}, After adjusted age, gender and parent\'s education level, participation in PE clubs was associated with improvement on the standing long jump and shuttle run. and there was a strong interaction between participation in PE clubs and test year. The effect of participating in PE club in 2015 on jumping and running performance was significantly better than that of participating in 2005. As a matter of fact, the interaction coefficient (β) of participation in PE clubs\*test year 2015 was 5.827 for standing long jump, and 2.254 for shuttle run, with p-value \< 0.05. The results in [Table 7](#tbl7){ref-type="table"} also suggested that participation in PE clubs interacted with time spent watching TV. Watching TV for less than 1 h and participation in PE clubs were significantly associated with improved performance in overhand throw, when compared with watching TV for more than 1 h or not participating in PE.Table 6Behavior change in 2005 and 2015.Table 620052015n1006998outdoor play≤30min25.0% (22.4%--27.7%)27.1% (24.3%--29.8%)30miñ1 h42.0% (39.0%--45.1%)49.3% (46.2%--52.4%)1--2 h24.5% (21.8%--27.1%)18.8% (16.4%--21.3%)2 h10.5% (8.6%--12.4%)4.8% (3.5%--6.1%)watching TV≤1 h40.0% (36.9%--43.0%)60.9% (57.9%--63.9%)1--2 h34.8% (31.8%--37.7%)25.6% (22.8%--28.3%)≥2 h24.2% (21.5%--26.8%)13.5% (11.4%--15.6%)PE club14.9% (12.7%--17.1%)24.5% (21.9%--27.2%)Table 7Factors influencing children\'s physical fitness from GLM analysis.Table 7FactorStanding Long Jump[10-meter Shuttle RunOverhand Throw]{.ul}βSig.95% CIβSig.95% CIβSig.95% CIGender(girl)−4.791\<0.01−6.115 to 3.4710.204\<0.010.140 to 0.342−0.625\<0.01−0.770 to-0.481Age17.192\<0.0116.528 to 17.861−1.224\<0.01−1.275 to1.1371112\<0.011058 to1.181Parent\'s education levelmother0.9000.093−0.150 to1.950−0.0120.761−0.093 to 0.068−0.0160.715−0.099 to 0.068father0.2380.613−0.683 to1.159−0.0280.441−0.098 to 0.043−0.0260.502−0.101to 0.049  Test year (2015)6.1610.0010.583 to12.906−0.7700.001−0.298 to 0.252−0.2720.054−1.895 to 0.113PE club4.8200.096−9.006 to18.566−0.4240.054−0.923to1.0770.1860.3480.012 to 0.756  Outdoor play1--2 h0.6070.913−4.702 to 5.529-.340.908−0.612 to 0.5440.6200.0480.004 to1.23630miñ1 h0.4060.826−5.792 to 4.536-.150.955−0.034 to 0.5030.3950.160−0.157 to 0.947Less than 30 min is the reference group  PE club\*Test year\[PE = 1\] \* \[2015\]**5.8270.0480.798 to12.431−0.7590.042−0.832 to 2.350**0.2770.737−0.134 to1.879\[PE = 2\] \* \[2015\]0.4710.661−1637 to 2.579−0.1090.165−0.264 to 0.045−0.3370.000−0.494 to 0.1802005 is the reference group  PE = 1TV ≤ 1 h4.633.685−17.791to27.057−0.3240.129−0.033 to 0.385**1.8620.0450.041to 3.682**PE = 1\*TV 1--2 h−1.953.864−24.242to20.335−1.2300.079−2.929 to 1.4691.7010.065−0.103 to 3.515PE = 1\*TV ≥ 2 h-.800.946−24.014to22.4150.0890.921−1.680 to1.8590.4220.660−1.461 to 2.307Not participated in PE club is the reference group[^3]

Discussion {#sec4}
==========

Our study explored the changes in Macao children\'s physical fitness over the past 10 years, and found that lower-limb strength, running speed, coordination and flexibility have improved significantly in some age groups. Our further analysis showed that the increases in height and weight were not the whole reason for the changes in physical fitness: learned behaviors, including the increased percentage of children participating in PE clubs and reduced time spent watching TV, were also associated with the improvement in children\'s jumping, running and throwing ability. These motor skills are the fundamental abilities in early childhood and are the basis for learning complex sport skill in the future. The change in children\'s physical fitness is a global health concern. Studies show that children\'s physical fitness has been declining globally over the past few decades.[@bib13]^,^[@bib14] However, few studies have described changes over time in the physical fitness of children aged 3--6 years. The present study found that from 2005 to 2015, among 3-to-6-year-old children in Macao, China, four of the six indicators used to gauge physical fitness improved, one worsened and one was relatively stable. The improved indicators of physical fitness were mainly lower-limb strength, speed and coordination. A comparison with Chinese research indicates that the changes over time in the physical fitness of children in Macao are similar to those observed nationwide.[@bib4]^,^[@bib15]^,^[@bib16]

The physical fitness of children was influenced by both innate factors and acquired lifestyles. This study has explored factors affecting physical fitness related to children\'s physical development and learned behaviors. Among these, researchers have always considered height and weight to be the important factors. Some researchers have found that children with normal weight have much better physical fitness than those who are overweight, especially in terms of aerobic capacity, sensitivity and homeostasis, while obese children have better static balance.[@bib17] A study from Li et al.[@bib18] showed that the height and chest circumference of preschool children was positively associated with performance on the standing long jump and overhand throw. The results of the present study show that for children of the same age and gender, taller children performed better on the standing long jump, overhand throw, 2 × 10 m shuttle run, two-legged continuous jump, and balance beam walk. Heavier children performed better on the overhand throw. However, weight was a negative factor for lower-limb jumping items, which means heavier children had worse performances on the standing long jump and two-legged continuous jump.

We further compared the effects of physique and test year on physical fitness. Our results indicated that the effects of height and weight on four Physical Fitness Indicators were smaller than that of test year. Therefore, the changes in height and weight were not the whole reason for the improvement in physical fitness.

Learned behaviors are important factors affecting children\'s health. In our study, the general linear model (GLM) was used to identify the factors influencing physical fitness from children\'s daily activities and parental sport habits and educational level, and analyzed the interaction between these influence factors and the test year. We found that both sports club participation and screen time were significantly associated with children\'s physical fitness. Children who participated in sports clubs performed better on the standing long jump and 2 × 10 m shuttle run. Interestingly, these associations were only observed in 2015, which suggests a link with the fact that the proportion of children participating in sports clubs doubled to 24% in 2015, and a link with what they learned in the sports clubs. In fact, the lessons taught in sports clubs were likely directly associated with the improvement of physical fitness. Although we did not investigate the specific lessons children learned in sports clubs, we can gain some clues indirectly from children activities information published by Macao Sports Bureau Website. The activities such as gymnastics, roller skating and Taekwondo are the popular children\'s sports club courses for children. These activities are more helpful in improving lower-limb strength and speed. Some scholars have studied the effects of sports club participation on the physical fitness of children[@bib19] and found that the learned sport item had low relation with the physique level, while high-intensity PA was highly related. The mechanism by which learning fundamental movement skills promotes children\'s physical fitness is still an open question. Researchers think that fundamental movement skills learning trains for a high level of neuromuscular coordination. It is also the mechanism for the development of speed, agility and strength.[@bib19] Therefore, participation in sports clubs and PE classes involving these skills can promote children\'s physical fitness. In addition to the proportion of participants and the PE course, other possible reasons should be responsible for the interaction only in 2015. For example, there may be more significant factors affecting children\'s fitness, which covered the effect of PE club in 2005. Future study is required to identify the impact of early club participation on children\'s physical fitness and explore mechanisms of association.

The present study found that, among those who participated in sports clubs, children who spent less than 1 h a day watching TV performed better on the overhand throw, compared with those who watched more than 1 h of TV. Thus, participation in sports clubs alone may not be enough to improve children\'s strength, and excessive sedentary time should also be reduced. In some studies on children\'s screen time and physical fitness, researchers found that children who watched less than 2 h of TV were 4 times more likely to be qualified on the physical fitness test than the control group.[@bib20] Webster found children\'s motor skills was inversely related to screen time, and more associated with more VPA but not MVPA.[@bib21] One cross-sectional study used a predictive model for analysis. Replacing sedentary time with moderate-intensity physical activity was not associated with any fitness indicators.[@bib22] It seems relatively independent that the influence of sedentary behavior and physical activity on children\'s physical fitness. In this study, we did not find that watching TV and outdoor activities had a significant impact on any physical indicators, but found that moderate screen time combined with participation in sports clubs had a positive effect on improving throwing ability. It is suggested that children\'s motor skills learning, besides sedentary behavior and physical activity, should also be included in the analysis insight of influencing factors in future studies.

In contradiction to our hypothesis, this study found no link between outdoor play time and physical fitness. The dose-effect relationship between physical activity and physical fitness is not as clear in children as it is in adults. The results reported in the related studies are not consistent,[@bib23], [@bib24], [@bib25] which is probably due to the complexity of assessing children\'s physical activities. At present, the available data only confirm that the relationship between physical activities and aerobic endurance is related to the intensity of the activity. Cross-sectional and longitudinal studies suggest that increased participation in intense physical activities, rather than light/moderate physical activities, may be positively associated with children\'s aerobic endurance.[@bib3] Although our study did not observe any direct association between the time children spend playing outdoors and their physical fitness, that does not mean that outdoor activities are not important. Playing outdoors is of great benefit for children\'s physical and mental health. In our previous study,[@bib26] we assessed the physical activities of Beijing children with accelerometers, and found that only 40% of children meet the PA recommendation of at least 1 h/day of moderate-to-vigorous physical activity (MVPA). To meet the MVPA requirement, these children need outdoor activities after school. Although we do not have data on the physical activity level of children in Macao, we recommend that children in Macao should not only take an active part in sports clubs, but also make sure to spend enough time playing outdoors.

How children\'s daily PA and skills learning influence the development of children\'s physical fitness is a complex research issue which warrants extensive, profound investigation. The present study, which was conducted with two sets of survey data spanning 10 years, yielded significant results. However, the cross-sectional study design used here poses limitations for further analysis. If a fixed population can be followed up and studied longitudinally in the future, we will be able to provide better evidential support for the identification and assessment of factors influencing children\'s physical fitness.

Conclusion {#sec5}
==========

The physical fitness of children in Macao has changed significantly during the past 10 years. The changes in height and weight were not the whole reason for the change of physical fitness. The learned behaviors, including participating in PE clubs and less time of watching TV, were associated with children\'s running, jumping and throwing abilities. The influence of PE club participation on children\'s physical fitness needs further study.

Appendix A. Supplementary data {#appsec1}
==============================

The following is the Supplementary data to this article:Multimedia component 1Multimedia component 1
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[^1]: Comparison between 2015 and 2005，P \< 0.05.

[^2]: 2015 is the reference group.

[^3]: Participated in PE club = 1，Not participated in PE club = 2.
